The Bohemian Forest (Šumava, Böhmerwald) is situated in Central Europe and is among the most acidified lake districts in the world. Deposition of S and N compounds in the area rapidly increased between 1950 and 1980, and reached a maximum in the 1980s. During the 1990s, acid deposition decreased substantially, and current levels are comparable to the early 20 th century for SO
Introduction
The Bohemian Forest (Šumava, Böhmerwald) is situated in Central Europe, along the Czech-GermanAustrian border (∼150 km southwest of Prague). There are eight glacial lakes (tarns). Five of them (Černé jezero, Čertovo jezero, Plešné jezero, Prášilské jezero, and Laka) are in the Czech Republic and three others (Rachelsee, Grosser Arbersee, and Kleiner Arbersee) in Germany. The lakes are small, with surface areas of 3-18 ha, maximum depths of 3-40 m, and water residence times < 3 yr. Lakes are situated at elevations between 918 and 1096 m a.s.l., and their ratios of catchment to lake areas range from 7 to 48. For more details on the lakes (e.g., location) see individual papers in this issue (e.g., Nedbalová et al., 2006) . Bedrock is formed from metamorphic and crystalline rocks (mica schist, gneiss, granite, and quartzite), sensitive to atmospheric acidification (Veselý, 1994) . Thus, all the lakes became acidic in the last century (Fott et al., 1987; Kopáček et al., 2002c) and have a depleted carbonate buffering system or low acid neutralising capacity (ANC) at present .
Catchments of the Bohemian Forest lakes are steep (with maximum local reliefs of 235-380 m) and covered with thin, acid lithosol, podzol, and cambisol (Kopáček et al., 2002a, b) . Vegetation covers most of the catchment areas and is dominated by 80 to 150 yr old Norway spruce forest, with sparse fir and beech. The Norway spruce forest in the lake catchments mostly originated in the late 19 th century, when the previous forests were destroyed by gales. In the area of Černé and Čertovo lakes, some changes in the original forest composition (selective reduction of beech) occurred probably as early as in the 13 th century (Veselý, 1998) . The forest was used for charcoal and potash production for local iron smelters (16 th to 17 th century) and glassworks (1624 to the middle 19 th century), respectively, and for fuel and timber in the 18 th and 19 th centuries (Veselý et al., 1993) . The area of both these catchments has been protected as a nature reserve since 1911. After World War II, access and most kinds of land use were restricted in most of the Czech part of the Bohemian Forest, which was behind the "Iron Curtain", due to border control during the "Cold War" period. The military zone was abolished in 1989, and since that time the area has been again more accessible for scientific research. Most of the lakes belong to the core zone of the Šumava National Park and the Bavarian Forest National Park, declared in 1991 and 1970, respectively. Thus, free access or land use activities (like forestry) remain limited at the lakes, both in the Czech and German parts of the Bohemian Forest. The lakes have fascinated explorers for more than one hundred years. Early hydrobiological research, starting more than 130 years ago (Frič, 1872 (Frič, , 1873 Frič & Vávra, 1897; Černy, 1910) , sporadic research before the 1970s (Jírovec & Jírovcová, 1937; Fott, 1937; Procházková & Blažka, 1999) , and palaeolimnological studies (Steinberg et al., 1988 (Steinberg et al., , 1991 Veselý et al., 1993; Veselý, 1998; Bitušík & Kubovčík, 2000) provided a valuable background for long-term ecological research of the Bohemian Forest lake ecosystems.
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The beginning of regular monitoring of the Bohemian Forest lakes
The regular monitoring of lakes in the Czech part of the Bohemian Forest lakes was initiated by Josef Veselý (Czech Geological Survey) in 1984, when he realised that the lake district was among the most acidified European ecosystems (Veselý, 1987 (Veselý, , 1988 . While it presently seems easy to start such a research activity, we should realize that Josef started his work in the border area which was strongly protected by the communist regime in the time of the "Cold War". This regular activity was possible only due to his strong effort and enthusiasm that helped him to overcome the numerous prohibitions and administrative restrictions associated with any visit of these lakes behind the "Iron Curtain". Moreover, acidification research was not a priority of the national scientific programs, because the Central European communist countries were among the leading emitters of acidifying pollutants into the atmosphere at that time (Berge, 1997) and emission effects like forest decline were covered up by communist government. Consequently, there were only limited, mostly indirect, sources for acidification research and any international co-operation in this field was mostly based on a voluntary basis. The best description of such research co-operation was summarised by Veselý et al. (2003) in the paper's acknowledgements: "This research was a cooperative project undertaken by researchers from Canada, Czechoslovakia, Sweden, the United Kingdom, and the United States; it was undertaken during "Cold War" with funding from no agency of any government. International cooperation by individuals was the key ingredient."
The primary aim of Josef's research in the Bohemian Forest focused on the development of lake water acidification (and/or recovery, later) (Veselý, 1987 (Veselý, , 1988 (Veselý, , 1996 Veselý et al., 1998a, b; Norton & Veselý, 2004) , and the increasing significance of nitrate (NO − 3 ) in this process (Veselý & Majer, 1992; Veselý et al., 2002a ). An important part of these studies was the impact of atmospheric deposition and soil acidification on trace metals in acidified waters (Veselý, 1997; Veselý & Majer, 1996; Veselý et al., 1985 Veselý et al., , 2002b . He first gathered data on land-use history and morphology of the lake catchments, available in published sources and historical archives, and linked them together with the data on water chemistry (Veselý, 1994) and palaeolimnological results (Veselý, 1997 (Veselý, , 1998 Veselý et al., 1993) . He made important contributions to a study on atmospheric pollution in the Czech Republic and acid deposition in the Bohemian Forest (Kopáček et al., 2001b; and to dynamic modelling of lake water chemistry and forecasting its future trends under expected scenarios of sulphur (S) and nitrogen (N) emissions in Europe . In the early 2000s, Josef was interested in the impacts of increasing air temperature on aluminium (Al) and silica (Si) export from terrestrial to aquatic ecosystems . In last two years, Josef co-ordinated a palaeolimnological study of the sediment record from Plešné Lake, spanning the whole lake history. He dated the core and contributed significantly to studies on cladoceran remains (Pražáková et al., 2006) and chironomids (Tátosová et al., 2006) in the sediment, presented in this issue, as well as a study on photochemical sources of metals in the sediment .
Previous ecological research of the Bohemian Forest catchment-lake ecosystems
Acidification and recovery of the Bohemian Forest lakes. Like the whole Central European region, the Bohemian Forest was exposed to heavy atmospheric pollution during the last century. The respective rates of SO 2 , NO x , and NH 3 anthropogenic emissions in the former Czechoslovakia (the Czech Republic and Slovakia) were < 10, < 5, and 33 mmol m −2 yr −1 in 1850, increased slowly until 1950 and rapidly in the 1950-1980 period, and peaked at ∼380, ∼180 and ∼80 mmol m −2 yr −1 in the 1980s. The emissions declined markedly (SO 2 , 87%; NO x , 51%; and NH 3 , ∼44%) between the middle 1980s and 2000 ( Fig. 1 ) due to the political and economical changes in 1989. These changes included (i) restructuring of industry and farming in the early 1990s (∼35% decrease in energy production and 50-60% decrease in cattle numbers and fertilisation rate of farmland), and (ii) S emission controls, changes in fuel supply, and optimisation of combustion regimes at stationary sources . 
Deposition of S and N compounds in the Bohemian
Forest reflected their emission rates in Central Europe (Kopáček et al., 1998 (Kopáček et al., , 2001b (Kopáček et al., 2001b) . These changes in acid deposition have led to a more significant recovery in the Bohemian Forest freshwaters compared to other European lake districts (Evans et al., 2001) .
Lake water acidification peaked in the middle 1980s and has been reversing since that time. From the 1980s to the late 1990s, the average (± standard deviation) SO 2− 4 and NO − 3 concentrations in the eight Bohemian Forest lakes decreased by 19 ± 7 and 15 ± 11 µmol L −1 , respectively (Kopáček et al., 2002c) . The Bohemian Forest was the first lake district exhibiting a significantly consistent decrease in NO − 3 concentrations (Veselý et al., 1998b) . The decline in concentration of strong acid anions was compensated for by a decrease in Al (7 ± 4 µmol L −1 ), protons (H + ; 6 ± 5 µmol L −1 ), and base cations (9 ± 6 µmol L −1 ) (Kopáček et al., 2002c) .
Acidification of the Bohemian Forest lakes caused significant changes in their biodiversity (Soldán et al., 1999; Vrba et al., 2003a) . The lakes have "simplified" food webs due to the extinction of fish and largely reduced zooplankton (Vrba et al., 1996) . Consequently, microbial interactions dominate the pelagic food webs and bacterial filaments form a significant portion of the plankton biomass. The absence of higher trophic levels in the lakes still prevents the biological P recycling typical for non-acidified water bodies (Vrba et al., 2003a, b) .
The acidification history of the Bohemian Forest lakes is best documented at Černé Lake. With an area of 18.4 ha and maximum depth of 40 m, Černé Lake is the largest and deepest lake in the Bohemian Forest. The first survey of crustacean zooplankton in the lake was performed in 1871 (Frič, 1872) , and zooplankton status has been monitored more or less regularly to the present. The first reliable data on lake water chemistry, e.g., pH of 6.3-7.0 and traces of NO concentrations in Černé Lake, the first reliable data (20-30 µmol L −1 ) come from the early 1960s (Procházková & Blažka, 1999) . This survey already indicated the first impacts of atmospheric acidification on the lake composition, predominantly lowered pH (5.4-6.2) and increased NO (Veselý et al., 1998b) . Reversal of lake water chemistry has occurred since the late 1980s due to the reduction in S and N emissions and deposition (Figs 1, 2) . Long-term trends of Černé Lake chemistry have been successfully reconstructed by a dynamic, process-based model MAGIC 7 (Modelling the Acidification of Groundwater in Catchments; Cosby et al., 2001) . The model was calibrated for a set of records on lake water composition over the 1984-2000 period, and produced hindcast concentrations that compared well to even older irregular determinations of NO − 3 , SO 2− 4 , and pH . Modelled SO
2− 4
concentrations were predicted to decrease to the levels found at the beginning of the 20 th century by 2050 (Fig. 3) .
The acidification history of Černé Lake provides insight to the extent and rapidity of biological changes, reflecting changes in water chemistry, in strongly acidified lakes during the acidification and recovery phases. The pH decline from > 6 to ∼4.5 between the 1930s and middle 1980s was accompanied by the disappearance of cladoceran species and fish (Vrba et al., 2003a) . While most of the planktonic species apparently died off, one of them (Ceriodaphnia quadrangula) survived the period of highest acidity in the littoral zone, although in very low numbers . Due to the recent pH increase and Al decrease (Fig. 3) , Ceriodaphnia quadrangula has reached its pre-acidification abundance in the shore zone and has even occurred in the open water since 1997 (Vrba et al., 2003a; ). This recovery was undoubtedly possible due to the fact that the species never entirely disappeared from the lake. The re-appearance of other species formerly inhabiting the lake will require their dispersal from other sites . However, this (as a purely natural process) is a matter of chance and can proceed very slowly. The prognosis for potential fish reintroduction into Černé Lake remains poor, because the carbonate buffering system is predicted (by MAGIC) to be re-established (ANC will reach positive values) only after about 50 years (Fig. 3) .
Recently, almost one and half decades after the beginning of chemical reversal from acidification, certain signs of plankton and/or benthos recovery have been observed in most of the Bohemian Forest lakes (Nedbalová et al., 2006).
Acidification impacts on in-lake nutrient cycling
In contrast to the well-known nutrient transformations in circum-neutral lakes (e.g., Wetzel, 2001), acidified lakes exhibit significant changes in the phosphorus (P) and N cycles. The acidified Bohemian Forest lakes are rich in Al that can precipitate as colloidal aluminium hydroxide [Al(OH) 3 ] after an increase in water pH. Al(OH) 3 has a large surface area and can strongly bind P from the liquid to the particulate phase and prevent orthophosphate release from sediments (Kopáček et al., , 2001a .
The cessation of nitrification due to long-term water acidification leads to an atypical situation in which a lake becomes a net source of NH is not re-assimilated and accumulates in the hypolimnion. After lake overturns, this NH + 4 is exported from the lake. Acidified productive lakes, with dissimilative NH + 4 production exceeding its assimilation (e.g., Plešné Lake), thus, become net NH + 4 sources .
Climatic effects on water chemistry
The long-term trend in mean annual air temperature has exhibited significant variations, with three distinct periods during last two centuries: (i) temperature fluctuation around the average (3.4 • C in July-August (Kettle et al., 2003) . Annual precipitation varies between 870 and 2060 mm at 1170 m a.s.l. (Hruška et al., 2000; Kopáček et al., 2006b) , and lakes are usually frozen for 4-5 months, from December to April. This temperature increase has had an important impact on water chemistry of the Bohemian Forest lakes. The current decrease in Al concentrations is steeper than can be explained by the decline in strong acid anions. On average, 13% of the Al decrease in the lakes is associated with the increase in the average annual air temperature (Fig. 4) due to the inverse relationship between solubility of Al minerals (gibbsite) and 
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temperature. This climatic effect has caused lower Al mobilisation in soil horizons and enhanced precipitation of Al in lakes with higher temperature but otherwise similar conditions .
Solar radiation is another important climatic factor affecting water chemistry of the Bohemian Forest lakes. Photochemical and biological degradation of allochthonous dissolved organic carbon (DOC) in lakes is an important in-lake alkalinity producing mechanism, in addition to the biochemical reduction of NO − 3 and SO 2− 4 . The increased bio-availability of recalcitrant DOC after its phototransformations Porcal et al., 2004) enables higher bacterial than primary production in some lakes (Nedoma et al., 2003) . In addition, photochemical DOC transformations liberate organically bound Al and iron (Fe), and are an important source of their ionic forms in lakes . This photochemical process explains high concentrations of Al(OH) 3 in lake sediments long before the onset of atmospheric acidification, since the beginning of soil formation in catchments .
Soil chemistry
Soil properties significantly affect lake water composition in the Bohemian Forest. Physical and biogeochemical soil parameters have been studied in the catchments of Černé, Čertovo, and Plešné lakes (Kopáček et al., 2002a, b) . The soils are acidic, with pH CaCl2 values of 2.5-3.3 and 3.2-4.5 in the A and deep mineral horizons, respectively. The current base saturation of soils (9-15%) is significantly lowered compared to the modelled pre-industrial values (12-27% in 1860; Majer et al., 2003) . Despite strong acidification, the soil biochemical activity (e.g., N and P concentrations in microbial biomass and nitrification potential) is high (Šantrůčková et al., 2004) . The highest N-mineralization and nitrification rates in the Černé catchment soils correspond well with the highest NO − 3 concentrations in Černé Lake (Kopáček et al., 2002a) .
Soils in the Bohemian Forest catchments contain 1.6-2.8 mol S m −2 (500-900 kg S ha −1 ), which is mostly organically bound, and concentrations of adsorbed SO 2− 4 are relatively low (on average 3.4% of the total S pool; Kaňa & Kopáček, 2005a) . From 55% to 80% of the current S pools was accumulated between 1930 and 2000 (Kopáček et al., 2001b) . At the current S leaching from soils, a new steady state condition between S input and export will be established within the next ∼30-50 years (Kopáček et al., 2001b; .
Soil and bedrock characteristic in the Bohemian Forest catchments significantly influence the trophic status of the lakes. The reasons for the highest terrestrial export of P and the highest trophic status of Plešné Lake among the Bohemian Forest lakes are (i) higher P release from bedrock (granite), (ii) lower overall phosphate sorption capacity of the Plešné catchment due to the lower concentrations of Fe oxides in soils and lower soil pools (Kaňa & Kopáček, 2005b) , and (iii) higher microbial P transformations and enzymatic P hydrolysis (Šantrůčková et al., 2004) .
Organization and aims of the current research
Systematic ecological research of the catchment-lake ecosystems started in the 1990s, after the removal of the "Iron Curtain". Three lakes were selected for more intensive studies: Plešné Lake, with the highest terrestrial P export, the most acidified Čertovo Lake, and the largest Černé Lake. The regular research and monitoring is mostly organised by the four fol- search on the Bohemian Forest lakes, representing a natural extension of previous studies, and integrating limnological, terrestrial, and climatic data. This research focuses mainly on the ecosystem recovery from acidification and whole ecosystem studies, including the following items: Palaeolimnological analyses of a 5.6 m deep, 14,600 years old record of the Plešné Lake sediment (cladocera, chironomides, and pollen) document the development of lake biodiversity and its links to climatic changes over the Late Glacial and Holocene (Jankovská, 2006; Pražáková et al., 2006; Tátosová et al., 2006) . A study on atmospheric deposition, hydrology, and element mass budgets shows the importance of individual terrestrial and aquatic processes in alkalinity generation in the ecosystem and quantifies major internal nutrient (P, N, C, and Si) fluxes and transformations in Plešné and Čertovo lakes (Kopáček et al., 2006b, c) . Five studies focus on plankton composition: Nedbalová et al. (2006) evaluate recent progress in biological recovery of all the Bohemian Forest lakes from acidification, Vrba et al. (2006) evaluate the Al role in P bio-availability and food web structure in strongly acidified lakes, describe an attempt of humanassisted transfer of zooplankton among the lakes recovering from acidification, introduce a new method -image analysis and chlorophyll autofluorescence, and use it to determine chlorophyll content of the Plešné Lake phytoplankton, and Lukavský (2006) reports a new alga (Coelastrum pascheri sp. n.), found in the littoral of some Bohemian Forest lakes. Bitušík & Svitok (2006) evaluate the structure of chironomid assemblages in the Bohemian Forest lakes along environmental and geographical gradients. Studies on forest biochemistry extend our knowledge of element pools in the terrestrial part of the catchment-lake ecosystems, evaluating the standing biomass and the associated nutrients in the tree and understory vegetation biomass (Svoboda et al., 2006a, b) . Šantrůčková et al. (2006) present new data on the decomposition rate and nutrient release from plant litter of Norway spruce forests in two Bohemian Forest catchments. The influence of recreational activity in the Bohemian Forest on stream water chemistry and phytobenthos is evaluated by Lukavský et al. (2006) .
Other results from the current integrated research on the Bohemian Forest catchment-lake ecosystems are under evaluation but were not finished before the deadline of this issue. They include studies on a 14,600-year-long succession of diatoms in Plešné Lake (Štef-ková, personal communication), the impact of ionic Al on reproduction of Isoëtes in Plešné and Černé lakes (Čtvrtlíková, personal communication) , the impact of synergistic action of climatic and pollution stresses on crown structure transformation of Norway spruce (Cudlín, personal communication) , and results on dendroclimatological analysis, including tree ring chemistry of Norway spruce (Šantrůčková, personal communication) .
